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Disappearance of nuclei from cells undergoing
cornification is one of the most characteristic
features of the keratinization process. As an
indication of nuclear breakdown, water-soluble
degradation prodncts of nucleic acids have been
demonstrated in keratinized structures.
It is not known whether enzymes hydrolyzing
nucleic acids participate in this breakdown. A
ribonuclease has been found in guinea-pig
epidermis by Tabachnick and Freed (1); Steig-
leder and Raab (2) found that human epidermis
is able to split nucleic acids.
The present work deals with the problem
whether the disappearance of nuclei in keratini-
zation could be due to an enzymatic process,
and the biochemical behavior of the enzymes
involved, if any. Human and rat epidermis
were studied. Studies on the effects of feeding
of vitamin A were also carried out in an attempt
to connect the presence of DNase in the epidermis
with the keratinization process.
MATEHIAL5 AND METHODS
Normal human skin was obtained from the
breast, legs and abdomen of fresh surgical speci-
mens. The epidermis was separated from the
dermis by the stretch method (3). Rat epidermis
was obtained, after clipping of the hair, by scrap-
ing of the stretched skin.
For the deoxyribonuclease assay we used a
method based on the formation of DNA acid-
soluble products (4), with subsequent determi-
nation of deoxyribose by indole (5). A micropro-
cedure, developed for the study of nonpurified
preparations, such as epidermis homogenates, will
be described in detail below. Ribonuclease was
detected and studied by a microprocedure based
on the method of Dickman et at. (6). Protein con-
centration was determined by the method of
Lowry at at. (7). DNA was estimated by a micro-
method based on the extraction method of Ogur
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and Rosen (8) and on the indole reaction for de-
oxysugars (5).
The following substrates were used: highly
polymerized calf thymus DNA (Worthington Bio-
chemicals Corporation, Freehold, New Jersey),
yeast RNA (Pabst Laboratories, Milwaukee,
Wisconsin). DNase I crystalline, and pancreatic
RNase (Worthington Biochemicals Corporation,
Freehold, New Jersey) were applied in control
experiments.
Vitamin A palmitate, water dispersible, was a
product of Nutritional Biochemicals Corporation,
Cleveland, Ohio.
For the in vivo experiments Sulwer-Hall white
rats of both sexes were used.
Epidermis extracts for the enzymatic assays
were prepared in the following way.
Human epidermis was finely minced and then
homogenized with 0.15 M NaCl in the approximate
ratio of 1 ml. per 100 mg. of fresh tissue. A conical
glass homogenizer with motor driven pestle was
used and the operation was carried out at 0°C. for
about 1 minute.
In some experiments an acetone powder was
prepared: the minced tissue was rapidly stirred
with about 50 volumes of acetone (prechilled to
minus 12°C.) for three minutes in a cold room.
The mixture was then sucked in a Buchner funnel,
washed with about 100 volumes of acetone and
dried in a stream of nitrogen. The powder was
extracted with 0.15 M NaCl, in the approximate
ratio of 2 ml. per 100 mg. of powder.
The "homogenates" obtained in both ways
were centrifuged at about 5,000 r.p.m. for 10
minutes at 4°C.; the supernatant was set aside
and the remaining tissue was again extracted by
homogenization with an equal volume of saline
solution. The suspension was agitated for 12—16
hours at 4°C., and after centrifugation, the super-
natant was combined with the supernatant of the
first homogenization. The supernatants, contain-
ing the epidermal "soluble proteins" (9) were
dialyzed against 5 mM acetate buffer pH 6 for
three hours, with agitation.
The extracts from rat epidermis were prepared
by homogenization of minced epidermis in a glass
homogenizer with a Teflon pestle, and by subse-
quent extraction with saline solution. The ex-
traction was followed by dialysis.
Deoxyribonuctease activity. For DNase II assays,
the following procedure was developed. The
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TABLE I
Deoxyribonuclease II activity
Per mg.
of dry
tissue
equipped with the Lowry and Bessey (10) micro-
attachment.
Deoxyribonuclease activity was expressed in
micrograms of deoxyribose-P released per hour of
incubation and per milligram of protein. In ad-
dition the enzyme activity was expressed per
Per g. of microgram of DNA-P and per milligram of dry
DNA-P defatted tissue (acetone powder).
Human epidermis 7.6 0.4 0.5
Rat epidermis 53.0 3.1 3.4
Rat spleen 61.0 9.0 4.2
TABLE II
Deoxyribonuclease assay in epidermis and dermis
of rat; determinations in duplicate on 10 jAl. of
extracts
Protein
Concen-
tration
sg. Deoxy-
pentose-P
Liberated/
h/mg.
Protein
Epidermis
Dermis
Epidermis
Dermis
mg/rn!.
7.0
3.8
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5.6
34
0
41
0
RESULTS
Deoxyribonuclease II. DNase II could be
demonstrated and quantitated in both human
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FIG. 1. Effect of pH on epidermal DNase. The
reaction mixtures contained 100 jag. of DNA; 10
/Jmoles of sodium acetate buffer, and human epi-
dermis extract in a total volume of 150 pl.
standard assay mixture contained in a total
volume of 150 sl. 100 gig. of DNA; 10 , moles of
sodium acetate buffer pH 5.0; epidermis extract
10 to 30 pA. The mixtures were incubated at 37°C.
for 1 hour.
Blanks containing only epidermis extract and
buffer were incubated at the same time. Inacti-
vated tissue blanks were carried out with extracts
boiled for 15 minutes.
The reaction was stopped by adding 50 zl of
ice-cold 10 per cent perchloric acid. After mixing
the tubes were left for five minutes in an ice-bath,
then centrifuged at 3000—5000 r.p.m. for five
minutes. 100 pl. of the filtrates were used for the
deoxypentose estimation with the indole reaction.
The use of the indole reaction for deoxypentose
has been introduced in the determination of de-
oxyribonuclease because its sensitivit.y is higher
than the diphenilamine method used by Alifrey
and Mirsky (4). The use of perchioric acid as
precipitant instead of trichloroacetic acid, made
possible the estimation of DNase also by 1/V.
measurement of the degradation products of DNA.
For spectrophotometry 50 ui. aliquots of the
perchioric acid filtrates were diluted 5-fold with
water and the absorbency was measured in 100 pl.
cuvettes in a Beckman D.U. spectrophotometer,
HOURS
FIG. 2. Enzymie hydrolysis of DNA by epi-
dermal extract as a function of time. Total volume
of reaction mixtures 0.6 ml. 0 = 0.1 ml. extract.
• = 0.2 ml. extract.
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Human epidermis 7.0 0.46
Rat epidermis 11.6 0.78
TABLE IV
Inhibitors of epidermis ribonuclease
For the assay the reaction mixture (100 p1.) con-
tained 2.5 pmoles of Tris buffer, pH 7.5; 10 pmoles
NaC1; 0.75 mg. of RNA and epidermis extract
(10 pl.).
Addition of Inhibition
per cent
ZnC121mM 70
CuSO4 1mM 53
Heparin (1 mg.)
and rat epidermis. The data shown in Table I
reveal that comparatively much higher activity
is present in the rat epidermis, the values ap-
proaching those of the spleen.
In an attempt to demonstrate the presence of
this enzyme also in the dermis, the epidermis of
rat skin was carefully separated from the corium
by the stretch method and homogenized in a
glass homogenizer. Subsequently, the denuded
skin was scraped to make sure that all the epi-
dermal cells were removed. Strips of dermis were
minced and homogenized in a "Virtis 45"
homogenizer with 0.15 M NaCl. Table II shows
that no activity was found in the dermis extract.
The activity of the epidermal DNase was
found to have a sharp optimum at pH 5 (Fig. 1).
The activity of epidermal DNase as a function
of time is shown in Figure 2. The slope repre-
senting the initial velocity of the reaction is less
steep than that representing the subsequent
time course of the reaction. A similar lag
period has been observed for DNase of other
tissues (11). The two curves in Figure 2 repre-
sent two series of experiments carried out with
different amounts of extract. They show that
under these conditions the method used yields
good proportionality in a wide range of extract
concentrations.
The effect of physiological ions was tested on
human epidernial DNase II. The addition of
100 mM NaC1 to the standard assay resulted
in activation by 15%. The activity was inhibited
by MgSO4 in 33 mM concentration. This inhibi-
tory effect may explain the low values initially
obtained by us when experiments were carried
out with not completely deionized water.
Deoxyribonuclease I. "Neutral" deoxyribo-
nuclease activity was tested by a procedure
similar to that for DNase II, but in presence of
100 mM Tris buffer, pH 7.2, and MgSO4 (in
concentrations up to 33 mM Mg is required
for DNase I activity).
TABLE III
Ribonuclease activity
Units/mg. Units/5g.
of Protein of DNA-P
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Fio. 3. Effect of pH on epidermis RNase
activity. The reaction mixtures contained 6 pmoles
of acetate-borate-cacodylate buffer; 0.75 mg. of
RNA and epidermal extract in a total volume of
100 l. = human epidermis RNase. 0 = rat
epidermis RNase.
E
0
•0N
p.1 OF EPIDERMAL EXTRACT
Fin. 4. RNase activity of rat epidermis extract
as a function of concentration.
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No activity could be demonstrated by this
procedure, even in absence of Na ions, which
reportedly are inhibitory (12).
Ribonuclease. Ribonuclease was detected in
human and rat epidermis extracts. For the assay
the reaction mixture (100 p1.) contained 2.5 p
moles of Tris buffer, pH 7.5; 10 p moles NaC1;
0.75 mg of RNA (neutralized and dialyzed)
and 10 to 30 p1. of epidermis extract.
The mixture was incubated at 375 C. for 30
minutes. 300 pl. of glacial acetic acid-tert. butanol
(1 to 2 parts) were added to stop the reaction.
The tube was kept in an ice-bath for five minutes
and the precipitate was removed by centrifuga-
tion. Finally 100 p1. of the supernatant solution
were diluted to 600 pl. in water and the absorb-
ency of the solution was determined in a
Beckman D.U. spectrophotometer at 260 mp.
The experimental readings were corrected in
relation to a blank determined by incubating
only buffer and extract and adding first acetic
acid-butanol, and afterwards RNA. The values
obtained with this blank system were further
corrected by those of a substrate blank. Standards
with crystalline RNase were also run.
A unit of activity corresponds to the amount
of enzyme causing an increase in absorbency of
260 mp of 1.0 as compared with the blank. Table
III shows the average RNase activity of human
and rat epidermis.
Divalent eations, e.g., Zn++ and Cu re-
portedly inhibit ribonuclcase (13). Since these
ions may come in contact with human skin
(occupational diseases, therapeutic use of
d'Alibour solution), we have investigated the
influence of Zn and Cu ions on epidcrmal ribo-
nuclease.
Inhibition was found even with extremely low
concentrations (Table IV). The epidermal RNase
was found sensitive also to heparin, correspond-
ing with other findings concerning the inhibitory
effect of anionic polymers (14).
The maximal activity of this enzyme was
found to be at pH 7.5 (Fig. 3).
The enzymatic nature of the RNA depoly-
merization was further established by the relation
between concentration of extract and activity.
In our assay linearity was present in a wide
range (Fig. 4).
Influence of vitamin A on epidermal DNase
activity in vivo. After having demonstrated the
presence of DNase in the epidermis, the question
has arisen whether this enzyme plays any role in
the disappearance of cell nuclei during keratini-
zation.
We tried to approach this problem by feeding
vitamin A to rats. Vitamin A is known to be a
powerful antikeratinizing factor and as such
hinders the loss of nuclei in normally keratinizing
epidermis. This may take place by inhibiting
DNase. Therefore we tested whether feeding of
excess vitamin A has any inhibitory influence on
epidermal DNase activity.
In a first series of experiments, three pregnant
rats were fed a diet containing 40,000 units per
day of vitamin A palmitate. An equal number of
pregnant animals were given a normal diet as
controls.
After one week of feeding, both experimental
and control mothers delivered. The administra-
tion of vitamin A was continued for two more
weeks by giving 40,000 units per day to the
mother rats as well as to the eight newborn rats
TABLE V
Deoxyribonuclease activity of rat skin treated with
vitamin A; determinations in triplicate
Activity expressed as jog. of deoxypentose-P
liberated/mg. of protein/hour.
control Treated
Animals Animals
Adult* 56.5 22
Young* 52.5 20
TABLE VI
Effect of vitamin A on deoxyribonuclease
(Determinations in triplicate. Activity ex-
pressed as jxg. of deoxypentose-P liberated/mg. of
protein/hour.)
Control Animals Treated Animals
* Average weight of animals at end of experi-
ment: Control adults: 230 g. Treated adults: 230
g. Control young: 48 g. Treated young: 43 g.
Group
Epidermis
1
2
3
4
5
Average
% Decrease...
Spleen
63
60
62
58
60
61
48
55
52
55
50
52
Epidermis
40
36
37
41
38
38
26
Spleen
58
60
56
60
61
59
3.5
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in the experimental group. The animals were
then sacrificed, the total feeding period being
3 weeks.
The shaved dorsal skin was excised, and
extracts were prepared as described. Separate
enzymatic assays were performed on pooled
extracts from adult and from newborn animals.
A decrease of DNase activity of 50% was ob-
served in the treated animals, as compared with
the control groups (Table V). There was no
difference in this decreased activity between
adult and young.
In a second experiment 15 rats, 6 weeks old
and weighing 80—90 g. were fed the vitamin A
diet, and 15 others were used as controls.
After three weeks all the animals were sacri-
ficed, the hair shaved, and the dorsal skin excised.
The spleen of each animal was also removed.
The epidermal extracts were prepared in the
usual way and pooled so that the analysis for
DNase was done in 5 groups of 3 animals each.
The enzymatic activity of spleen extracts was
determined in order to see whether the effect of
vitamin A is specifically directed against the
epidermal enzyme or is general. The results are
given in Table VI, and show that the DNase
activity of the epidermis in the vitamin-fed
animals was depressed on an average 26%, while
in the spleen such depression did not occur or
was minimal.
Deoxyribonuclease activity and x-ray effect. It
has been reported by Douglass et at. (15) that
x-irradiation causes an increased activity of the
enzyme in rat spleen. Kurnick et at. (16) have
shown that total body irradiation results in
marked increase in the acid DNase activity of
the spleen, liver, thymus and nucleated bone
marrow cells of the mouse. This phenomenon
was explained as being due to destruction of an
enzyme inhibitor by x-rays (16).
To test whether the epidermal DNase is
sensitive to x-rays, ten rats were exposed to 500
r of total body x-irradiation, at the rate of 30.8
r/minute, with 220 kv, 15 ma, inherent filtration
only, HYL 0.25 mm. Cu, 95 cm. target distance.
Twenty-four hours after irradiation the animals
were sacrificed. No difference of DNase activity
was found between these animals and controls.
A possible explanation for this may be that the
epidermis of rat lacks the inhibitor which is
present in other tissues.
DISCUSSION
It is interesting to note that human epidermis
contains type II deoxyribonuelease with an
optimum pH of 5 (and no type I with a pH 7.5
optimum) because the pH of the subeorneal
barrier where keratinization starts is around
pH 5 (17).
Both type I and type II enzymes are endo-
nucleases acting on the center of the polymer
chain (18). Both preferentially hydrolyze the
bonds between purine and pyrimidine nueleo-
tides. But while for DNase I the products of
hydrolysis are oligonucleotides carrying the
monoesterified phosphoryl group on carbon 5',
DNases II yield fragments carrying the phos-
phoryl group on carbon 3' (19).
Furthermore, the two types of DNases differ
in their sensitivity to inhibitors and activators:
DNases of type II have a requirement for high
concentrations of monovalent eations such as
Nat, K (19, 20), while DNases of type I are
inhibited by high concentrations of Na ions (12).
DNases II are inhibited by concentrations of
Mg higher than 1 mM (19, 21) and by poly-
valent anions (e.g. SOrj at 5 mM, (19), whereas
DNases I require Mg for their activity, and
are inhibited by anions which remove Mg ions,
as citrate, arsenate, fluoride, and EDTA (22).
The human and rat epidermis DNases share the
principal properties of other DNases II.
Many tissues contain a thermolabile inhibitor
for DNase I and a thermostable activator (23).
Therefore identification of DNase I may require
the use of methods designed to inactivate the
inhibitors.
Concerning the physiological significance of
the tissue DNases, the data reported by Allfrey
and Mirsky suggest that there is some correlation
between the deoxyribonuclease activity of a
tissue and its capacity for proliferation and
regeneration. Tissues capable of high mitotie
activity have higher deoxyribonuelease concen-
trations. The incorporation of N'5 glycine into
deoxypentose nucleic acids of the chromosome is
most rapid in tissues with high DNase concen-
trations (4).
The ribonueleases of animal tissues exhibit
specificity for those phosphodiester bonds that
involve the nueleosides of cytosine and uracyl,
producing RNA fragments rich in purine bases,
and pyrimidine nueleoside-3'-phosphates (24).
After we have found fiNase and DNase II in
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human and rat epidermis we must assume that
nucleoside-3' phosphate fragments are formed
there. Other enzymes acting on these fragments
may further break down these split products.
The epidermis has a high ribonuclease content
and a high mitotic rate. This agrees with the
finding of other authors (25) that ribonuclease
content and rate of cell proliferation are related.
Hypervitaminosis A produces thickening of
the epidermis in the rat (26). While in normal
epidermis tritiated thymidine is taken up only
by basal cell nuclei, in vitamin A treated tissues
it is incorporated also into nuclei of cells of the
outer epidermal layers (27). We may assume
that vitam.in A hinders depolymerization of the
nuclei as it physiologically should occur in the
outer layers. Therefore, the incorporated thymi-
dine may be retained. The recent findings of
Pele and Fell (27) are in agreement with our
working hypothesis that the antikeratinizing
effect of vitamin A might he brought about by a
depressing action on DNase activity or by inhibi-
tion of the synthesis of the enzyme.
The results of our vitamin A experiments do
not directly answer our original problem as to
whether the epidermal DNase plays a role in the
disappearance of nuclei during physiological
keratinization. However, the highly suppressive
effect of vitamin A on the activity of this enzyme
ifl vvo can be regarded at least as strong presump-
tive evidence that DNase plays an important
role in the decomposition of epidermal nuclei in
the eornifying layers.
SUMMARY
Deoxyribonuclease and ribonuelease have
been demonstrated and quantitated in human
and rat epidermis by mieromethods.
Deoxyribonuclease has been characterized as
DNase II, and some of the properties of DNase
and RNase have been studied.
Vitamin A has been found to decrease the
DNase activity in rat epidermis; an indication
that DNase may possibly play a role in nuclear
decomposition during keratinization.
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DISCUSSION
DR. JOSEPH TABACHNICK (Philadelphia, Penn-
sylvania): In guinea-pig epidermis, we find about
50 per cent of the RNase aild DNase activity is
extracellular. How does this compare with the
human tissue?
Also, it is known that neutral RNase and
DNase are masked by specific inhibitors and we
can release the RNase inhibition with para-
hydroxymercuri-benzoate.
I wonder whether you care to comment on the
nuclease inhibitors present in epidermal tissue of
the human.
DR. HAEvEv BLANK (Miami, Florida):
Tabaehnik, who is in the audience, reported
(Nature, 190: 921, June 3, 1961) the demonstra-
tion of nucleases on the skin surface of guinea-
pigs and rabbits but absent on human skin. Am
I correct in understanding that the present
authors also fouDd none in scrapings from human
skin?
DR. JOSEPH TABACHNICK (Philadelphia, Penn-
sylvania): No, we couldn't find any nuclease
activity on the skin surface of humans, but the
guinea-pig and other rodents, the rat, and the
rabbit seemed to have a considerable amount of
this extracellular material which can be removed
from the skin surface and hair by washing with
physiological saline (Nature, 190: 921, 1961).
DR. GERD K. STEIGLEDER (New York, New
York): I think Dr. H. Blank refers to a paper of
Dr. Raab and me published in the "Klinische
Wochenschrift" (39: 598, 1961). We demonstrated
ribonuelease activity on the skin surface.
This ribonuclease activity was bound to
lipids; therefore, in aqueous extracts it cannot
be found.
Our research was done with the so-called
substrate film method of Daoust, and the results
correspond very well with those presented by
Dr. Santoianni and Dr. Rothman.
In skin we found DNase activity only immedi-
ately under the horny layer or in the lowest
layers of the horny layer. Below parakeratotie
psoriatic areas this activity was interrupted, as
already shown by Spier and Van Cane yhem a few
years ago (Arch. klin. exp. Dermat. 206: 344—362,
1957). The ribonuelease activity, however, is in-
creased in parakeratotie psoriatic horny layers.
Besides the epidermis the ribonuelease activity
was located predominantly in the sebaeeous
glands, and this may be the reason that activity
is found on the surface together with the sebum.
In inflammatory processes, activity is spread
all over the eorium and, maybe, this activity
comes from the blood serum.
DR. IRWIN FREEDBERG (Boston, Massa-
chusetts): I believe the Vitamin A studies might
he interpreted as showing a change in the amount
of soluble protein in the treated animals rather
than a change in the concentration of nucleic
acid splitting enzymes. This is the ease since the
specific activity unit which you are using is
measured per milligram of protein.
DR. PIETRO SANTOIANNI (in closing): I have
been familiar with Dr. Tabachnick's very
interesting findings. We ourselves have doDe
studies only on the inhibitory effect on the
epidermal nueleases by Zn, Cu and Mg ions, as
presented here.
In reply to Dr. Harvey Blank I must say we
were not able to demonstrate acid DNase
activity in wipmgs of skin surface in rats.
Dr. Steigleder used histoehemical methods to
demoDstrate the sites of nucleic acid depolymeri-
zation. Our own method permitted a precise
quantitatiun and characterization of the ellzymes.
In reply to Dr. Freedberg, in some experiments
we have calculated the relation of DNase activity
to DNA-phosphorus. The difference between
results in treated and non-treated animals were
similar to those in which the relation of activity
to protein content was calculated and which
were shown here.
